We compare two types of Tsallis distribution, i.e., with and without thermodynamical description, using the experimental data from the STAR, PHENIX, ALICE and CMS Collaborations on the rapidity and energy dependence of the transverse momentum spectra in p+p collisions. Both of them can give us the similar fitting power to the particle spectra. We show that the Tsallis distribution with thermodynamical description gives lower temperatures than the ones without it. The extra factor mT (transverse mass) in the Tsallis distribution with thermodynamical description plays an important role in the discrepancies between the two types of Tsallis distribution. But for the heavy particles, the choice to use the mT or ET (transverse energy) in the Tsallis distribution becomes more crucial.
I. INTRODUCTION
The particle spectrum is a basic quantity directly measured in the experiments and it can reveal the information of particle production mechanism in heavy-ion collisions. Many physicists have devoted themselves to studying the particle spectra produced in the heavy-ion collisions using thermodynamical approaches, phenomenological methods, transport models et al. . Recently, the Tsallis distribution, which was first proposed about twenty-seven years ago as a generalization of the Boltzmann-Gibbs distribution [23] , has attracted many theorists' and experimentalists' attention in high energy heavy-ion collisions [5-9, 11-17, 24-33] . The excellent ability to fit the spectra of identified hadrons and charged particles in a large range of p T up to 200 GeV, which covers 15 orders of magnitude, is quite impressive. This spectacular result was first shown by Wong et al. [14] [15] [16] [17] . In refs. [21, 22] , we have shown that Tsallis distribution can fit almost all the particle spectra produced in p+p, p+A and A+A at RHIC and LHC. From the phenomenological view, there may be real physics behind the prominently phenomenological work, e.g., Regge trajectory for particle classification [34] . We also note that there are different versions of Tsallis distribution in the literature and we classify them as Type-A, B and C to clarify the comparison in ref. [21] . Type-A Tsallis distribution is obtained without resorting to thermodynamical description, but it has been adopted to analyze the particle spectra by STAR [24] , PHENIX [25] Collaborations at RHIC and ALICE [26] [27] [28] , CMS [29] Collaborations at LHC. In ref.
[ 21] , we applied it to do the systematic analysis of identified particle spectra in p+p collisions at RHIC and LHC and proposed a cascade particle production mechanism. On the other hand, Type-B Tsallis distribution is derived by taking into account the thermodynamical consistency and is widely used by J. Cleymans and his collaborators to study the particle spectra in high-energy p+p collisions [8] [9] [10] . It is also used by the other authors [11] . Type-A and B are the most popular Tsallis distributions in the literature but they give quite different temperatures while fitting the same particle spectra, e.g., for pion, Type-A gives T ∼ 0.13 GeV while Type-B gives T ∼ 0.075 GeV. In this paper, we would like to systematically address the question what results in the discrepancies of the temperatures for the two types of Tsallis distribution using particle spectra in p+p collisions. The data produced in p+p collisions with different p T ranges and different rapidity cuts are collected from the experimental Collaborations at RHIC and LHC [25-27, 30, 35-41] .
The paper is organized as follows. In Sec. II, we introduce the two types of Tsallis distribution without and with thermodynamical description in our comparison. In order to make our discussion clear, we also introduce another three transient distributions which are very similar to Type-A and Type-B Tsallis distributions. In Sec. III, the results of particle spectra from the different distributions in p+p collisions and the comparisons are shown. A brief conclusion is given in the Sec. IV.
II. TSALLIS DISTRIBUTIONS
Type-A Tsallis distribution has been widely adopted by STAR [24] , PHENIX [25] Collaborations at RHIC and ALICE [26] [27] [28] , CMS [29] Collaborations at LHC
where m T = p 2 T + m 2 is the transverse mass. m was used as a fitting parameter in ref. [24] , but it represents the rest mass of the particle studied in refs. [25] [26] [27] [28] [29] . dN dy , n and C are fitting parameters. When p T m, we can ignore the m in the last term in Eq. (1) and obtain E d 3 N dp 3 ∝ p
−n
T . This result is well known because high energy particles come from hard scattering and they follow a power law distribution with p T . When p T m which is the non-relativistic limit, we obtain m T − m =
, i.e., a thermal distribution. The parameter C in Eq. (1) plays the same role as temperature T . In refs. [21, 22] , we have obtained the simpler form of Eq. (1)
where E T = m T − m. A, n and T are free fitting parameters in Eq. (2). We note that it has been used by CMS Collaboration [31, 32, 42] and by Wong et al. in their recent paper [16] . The STAR Collaboration also applied a formula which is very close to Eq. (2) [43] . We adopt the Eq. (2) in the following study.
In the framework of Tsallis statistics, the distribution function is
Taking into account the self-consistent thermodynamical description, one has to use the effective distribution [f (E, q)] q . Therefore, the Tsallis distribution is obtained [8, 9, 11, 12] E d 3 N dp 3 = gV
where g is the degeneracy of the particle, V is the volume, y is the rapidity, µ is the chemical potential, T is the temperature and q is the entropic factor, which measures the non-additivity of the entropy. We dubbed it as the Type-B Tsallis distribution [21] . In Eq. (4), there are four parameters V, µ, T, q. µ was assumed to be 0 in refs. [8, 9, 11] which is a reasonable assumption because the energy is high enough and the chemical potential is much smaller than the temperature. In the mid-rapidity y = 0 region, Eq. (4) is reduced to
It becomes very similar to Eq. (2), but there are some differences, e.g., m T replaces E T in the bracket and there is an extra term m T in front of the bracket. It should be pointed out that there is no direct match between n and q in Eqs. (2, 5) . But we could find a connection between n and q in the limit at large p T . When p T m, from Eq. (5), we can obtain
Recalling that E
, therefore the relation between n and q is
Another treatment to find the relation between n and q can be found in ref. [10] .
For the other Tsallis distributions in the literature, we refer them to refs. [21, 22] . We noted that Type-A and Type-B Tsallis distributions can reproduce the particle spectra in p+p collisions very well but Type-B gives lower temperatures than the ones given by Type-A. In this paper, we would like to address this discrepancies between the two types of Tsallis distribution. To make our discussion clear, another three transient distributions are used to bridge the Type-A and Type-B distributions. In ref. [44] , a Tsallis-like distribution is obtained in the framework of non-extensive statistics for the particle invariant yield at midrapidity
where A, q and T are fitting parameters. Comparing Eq. (8) and Eq. (5), the only difference is the power of the distribution function, i.e., q for Eq. (5) and 1 for Eq. (8). We also introduce another two forms of distribution. One is
where we neglect the term m T outside of the bracket in Eq. (5) and the constants are absorbed into the parameter A. The other one is
Similar to Eq. (9), we neglect the term m T in front of the bracket in Eq. (8) but keep the rest. Using the relation Eq. (7), we find that Eq. (9) becomes Eq. (2) in the limit of massless particle. Let us put the four distributions in order of Eqs. (5, 8, 10, 2) and Eqs. (5, 9, 10, 2), one can see that any adjacent distributions have only one term different. We successfully bridge the Type-A and Type-B Tsallis distributions and are able to conduct our investigation. We need to point out that even though we use the same symbols for the parameters in the five distributions, they may have different values when fitting the experimental data. In next section, we will systematically apply the five distributions to the particle spectra in p+p collisions, similar to our previous work [21] . But we update some experimental data which have larger p T ranges and will focus on the temperature differences among the five distributions. 
III. RESULTS
We fit the particle spectra with different p T ranges and different rapidity cuts from p+p collisions at √ s = 62.4, 200, 900, 2760 and 7000 GeV with the five distributions discussed in the last section. The fitting process is the same as that in refs. [21, 22] . Compared with ref. [21] , the identified particle spectra data at √ s = 2760 and 7000
GeV have been updated. In this work, we are interested in the differences of the parameter T from the five distributions. As we argued in refs. [21, 22] , T is one free fitting parameter and can be different for different particles even they are produced in the same colliding system. In order to distinguish the parameter T in the five distributions and make our discussion clear, we assign T 1 , T 2 , T 3 , T 4 and T 5 to Eqs. (5), (8), (9), (10) and (2), respectively. All the five distributions can fit the particle transverse momentum spectra very well. The values of T i (i = 1, 2, 3, 4, 5) and corresponding χ 2 i /ndf for π, K, p and charged particles are shown in TABLE I. Here, we only show the fitting results with the five distributions for four cases:
In Figs. 1 and 2 GeV at LHC in Figs. 3 and 4 , respectively. For the five distributions, we can not distinguish them at all in the two cases. Similar to pions, the fitting qualities are also very good.
From the above results, we can see that the five distributions have the same fitting power to the particle spectra. But 5 . We can clearly see that the Type-B Tsallis distribution gives lower T than the Type-A Tsallis distribution, as we mentioned in ref. [21] . For all the particles, T 1 and T 2 which are from the distributions, Eqs. (5, 8) , with extra m T term are lower than T 3 , T 4 and T 5 which are from the distributions, Eqs. (9, 10, 2), without it. As we see that T 1 is larger than T 2 , since Eq. (5) and Eq. (8) are similar except the power in the distributions, we conclude that the power q in Eq. (5) causes larger T . This can be verified by comparing T 3 with T 4 . With the same argument, since T 4 is smaller than T 5 , the m T in Eq. (10) causes smaller T . To see the effects of q and m T in the distribution, we can compare T 3 with T 5 . For the light particles, i.e., pions (left panel), T 3 and T 5 are similar. The effects of the power q and m T cancel each other. But for the heavier particles, i.e., kaons and protons (middle and right panels), the effect of m T in Eq. (9) wins and T 3 is smaller than T 5 . We note that the effect of the extra m T term is crucial for the temperature difference between Type-A and Type-B Tsallis distributions, especially for the light particles. While for the heavier particles, the effect of the choice of m T or E T in the Tsallis distribution becomes more important as we can see that T 5 is larger than the other T i for kaons and protons in Fig. 5 .
IV. SUMMARY
In this paper, we have presented a detailed investigation of two types of Tsallis distribution, with and without the thermodynamical description, by the p T spectra measured from STAR, PHENIX Collaborations at RHIC and ALICE, CMS Collaborations at LHC. The power q in the Tsallis distribution with thermodynamical description is responsible for the thermodynamical consistency. To show a clear and complete comparison, another three transient distributions to bridge the two types of Tsallis distribution are also given. The five distributions have the similar fitting power to the particle spectra. The good agreements are obtained, but they give different temperatures. Agreed with our previous work [21] , the Tsallis distribution with thermodynamical description gives lower T than the ones given by the distribution without it. The extra term m T in the Tsallis distribution with thermodynamical description is responsible for the discrepancies of the temperatures. But for the heavier particles, the effect of the choice of m T or E T in the Tsallis distribution beats the effect of the extra term m T . The data for p+p collisions at 8 and 13 TeV are coming. We wish these data would also support our conclusion presented here.
